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Reports of renal amyloidosis occurring among narcotic
addicts have been limited, for the most part, to case
reports. In a prospective survey of 150 addicts ex-
amined at autopsy in the Office of the Chief Medical
Examiner of the City of New York, 7 cases of renal
amyloidosis were found. Immunohistologic examina-
tion demonstrated that in all of the 7 cases, the amyloid
was AA protein-related. The amyloid extracted from
the kidneys of two addicts and analyzed biochemically
did not differ from the AA amyloid secondary to

THE LIST of medical disorders associated with the
chronic use of narcotics is extensive'-4 and includes
renal abnormalities such as the nephrotic syndrome
and renal failure.5'-0 Although numerous studies
have documented renal disease in the addict popula-
tion, reports of renal amyloidosis in this group have
been limited for the most part to small numbers of
cases.1-17 A previous report from this center called
attention to AA protein-related amyloid in the kid-
neys of 4 nephrotic addicts in association with chron-
ic subcutaneous drug abuse and extensive skin infec-
tions"7; the characterization of the amyloid was based
upon immunohistologic examination of tissue sec-
tions. The purpose of the present study was to
further characterize the amyloid biochemically as
well as immunohistochemically and estimate the
frequency of renal amyloidosis and the possible
causes in drug abusers. To do this we prospectively
examined the kidneys of drug addicts subjected to
autopsy examination.

Materials and Methods

The study group consisted of 150 drug addicts
examined in the Office of Chief Medical Examiner of
the City of New York consecutively during the period
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chronic infectious and inflammatory diseases. The
combined data of previous reports and the present sur-
vey demonstrate that addicts who are subcutaneous
users with skin infections most frequently develop
amyloidosis. Our data demonstrating renal amyloidosis
in 26% of addicts with chronic suppurative skin infec-
tions suggest that such addicts are at high risk for the
development of amyloidosis. (Am J Pathol 1983, 112:
195-199)

between October 1 and December 4, 1981, and dur-
ing the month of February 1982. The decision as to
whether the deceased was an addict was based upon
routine examination of the body; signs of acute or
chronic intravenous or subcutaneous injection de-
tected at autopsy, taken as presumptive evidence of
drug abuse, determined inclusion in the study. In
most instances corroborative evidence included toxi-
cologic examination of the body fluids, scene investi-
gation, and interviews with relatives of the deceased.
Clinical data regarding evidence of renal disease were
not availble for analysis.
Kidney sections from each subject were fixed in

1007o neutral buffered formalin for light microscopic
study. Paraffin sections 2-3 . thick were routinely
stained with hematoxylin and eosin (H&E) and peri-
odic acid-Schiff. In kidneys with glomerular abnor-
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malities, silver methenamine counterstained with
H&E, crystal violet, and Congo red stains were also
used. Blocks of unfixed frozen kidney from all cases
were stored at - 70 C, and those with abnormalities
were examined by routine immunofluorescence.

In kidneys with amyloid, frozen sections 4 ,u thick
were incubated with fluorescein-conjugated anti-
serum to IgG, IgA, IgM (heavy-chain-specific),
kappa and lambda light chain (light-chain-specific),
C3, and fibrin. Additional sections were incubated
with rabbit anti-AA protein antiserum previously
shown to be reactive with AA amyloid,'8 followed by
fluorescein-conjugated goat anti-rabbit IgG. Ap-
propriate negative controls included sections incu-
bated with normal rabbit serum followed by fluores-
cein-conjugated goat anti-rabbit IgG and renal biop-
sies of glomerulopathies, including immune complex
diseases and AL amyloid, which showed no fluores-
cent staining for AA protein-related amyloid. Sec-
tions were examined and photographed in a Leitz
Dialux fluorescence microscope. For the purposes of
this study, no attempt was made to determine the
systemic distribution of amyloid.
Amyloid fibrils were extracted from the unfixed

kidneys of two addicts by previously described meth-
ods."9 One of the kidneys extracted (Case 7, HOL)
was part of this consecutive prospective autopsy se-
ries, whereas the other kidney was from another ad-
dict (LOR) who had come to autopsy before the
beginning of the study and therefore is not listed in
Table 1. Briefly, 75 g of kidney was homogenized 5
times in 0.15 M saline, and the supernatants were
discarded. The insoluble residue was homogenized in
distilled water and subjected to ultracentrifugation
for 1 hour so that the amyloid fibrils would become
suspended as a mucoid mass in the upper layer. The
amyloid was precipitated with saline, then dialyzed
against distilled water and lyophilized. The yield
from 75 g wet kidney was 1.5 g of dry amyloid fibrils.
Two hundred milligrams of lyophilized material was
dissolved in 6 M guanidine in Tris buffer, pH 10.2,
and made 0.17 M in dithiothreitol. To this was added
2 ml of 2 M guanidine in 4 M acetic acid and the
solution was centrifuged at 100,000g, filtered, and
then fractionated on a 72 x 1-inch column of Sepha-
dex G75 or G100 equilibrated with 5 M guanidine
HCI in 1 M acetic acid. The purity of the protein
fractions and the molecular weights were determined
by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE).20 The major amyloid pro-
tein subunit from each kidney was subjected to
amino acid analysis, and automated amino acid se-
quencing was performed on a Beckman 890C se-

quencer (Beckman Instruments, Inc., Fullerton,
Calif) using the Beckman 0.1 M Quadrol program."

Results

The demographic data of the 150 addicts examined
at autopsy show that the subjects were predomi-
nantly black males between the ages of 20 and 50
years, with a mean age of 35 years. The route of drug
injection was intravenous in most of the addicts. In
approximately one-third there were multiple circular,
atrophic, and/or pigmented scars indicative of sub-
cutaneous injection sites; these were seen alone or in
combination with intravenous tracks. In one 19-year-
old Hispanic male, who presumably died as a result
of an overdose of orally ingested methadone, neither
intravenous nor subcutaneous injection sites were
evident. The mean age of the addicts with only intra-
venous injection sites was 35 years, whereas those
with signs of subcutaneous injection usage was 42
years. Skin infections (abscesses, ulcers or both) were
present in approximately one-half of those with sub-
cutaneous injection sites but were absent in most of
those with only intravenous injection tracks.

Renal amyloidosis was found in 7 of the 150 ad-
dicts (Table 1), predominantly in black males 34-57
years old, with a mean age of 42 years. Amyloidosis
occurred in 6 of 44 (14/o) subcutaneous users but in
only 1 of 105 (1070) intravenous users and was asso-
ciated with extensive skin infections in 6 of 7 (8607o);
of addicts with skin infections, 6 of 23 (260o) had
renal amyloidosis. With one exception (Case 5),
amyloid occurred in addicts with extensive chronic
suppurative skin lesions involving the extremities and
extending over 10-2007o of the body surface. Two of
the subjects (Cases 1 and 3) also had active pul-
monary tuberculosis and amputations, one of which
was known to be for osteomyelitis. The reason for
the amputation in the other addict was not known.

Toxicologic studies revealed evidence of heroin
both in the blood and bile in 5 of the 7 subjects with
amyloid; cocaine was found in two of them.

In all of the 7 addicts with amyloid there were
nodular mesangial deposits in the glomeruli, and
heavy deposits in blood vessel walls and tubular
basement membranes as seen by light microscopy.
Immunofluorescence examination of the kidneys in
all showed bright staining of the amyloid deposits in
all locations for amyloid AA protein (Figure 1) but
no staining or trace staining for Igs, C3, or fibrin only
around the surfaces of amyloid deposits in some
glomeruli, presumably due to nonspecific absorption
of serum proteins.
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Table 1 -Profiles of Drug Addicts With Renal Amyloidosis*

Injection Amyloid Clinical/
Case Sex Race Age site AA protein autopsy findings
1 M B 38 SC + Leg ulcers, active tuberculosis, S/P

amputation
2 M B 34 SC + Skin abscesses, sepsis
3 M B 57 SC & IV + Skin abscesses, S/P amputation

for osteomyelitis, active tuberculo-
sis, nephrotic syndrome, renal
failure, amyloid in liver

4 F B 39 SC + Skin abscesses, decubitus ulcer,
sepsis, cirrhosis

5 M B 34 IV + Penile ulcer, nephrotic syndrome
6 M B 46 SC + Skin abscesses
7 M B 47 SC & IV + Skin abscesses, decubitus ulcer,

lymphedema, history of treated
tuberculosis, sepsis, renal failure,
amyloid in spleen and liver

Seven of 150 addicts autopsied in the Office of the Chief Medical Examiner of the City of New York. SC, subcutaneous; IV, intravenous;
S/P, status post.

Amyloid fibrils from the 2 cases that were ex-
tracted gave identical elution profiles after gel filtra-
tion, with predominantly one retarded peak. The
SDS-PAGE of this major amyloid protein subunit
extracted from the kidneys of the 2 addicts is shown
in Figure 2. Their molecular weights were 8500 dal-
tons. Their amino terminal sequences are shown in
Figure 3. Fifty-one residues of protein HOL and 32
of protein LOR were obtained. The amino ter-

minal sequences show identity with each other and
with protein AA.22 The sequences of the C terminal
portions of the molecules were not determined.

Discussion

Albuminuria in addicts was known to nineteenth-
century clinicians23.24; and since then, the nephrotic
syndrome and renal failure in drug abusers have been
well documented.5-10 Of the various renal lesions
observed in association with heroin abuse, focal glo-

::.
Figure 1 -Section of kidney from an addict with amyloid deposits
stained with rabbit anti-AA protein followed by fluorescein-conju-
gated goat anti-rabbit IgG. The amyloid in the glomerulus, tubular
basement membranes, and vessels shows bright fluorescent staining.
Stains for immunoglobulins (specific for heavy or light chains) and
the third component of complement were negative. (x 350) (With a
photographic reduction of 14%)

Figure 2-SDS-PAGE gel: 17% slab gel of purified amyloid protein
subunits from patients LOR (Lanes and V) and HOL (Lanes II and
VI); Lanes V and VI reduced with 0.1 M dithiothreitol. Lanes and 11
were unreduced. Markers (Lanes IlIl and IV): Phosphorylase b, 94,000
mol wt; bovine serum albumin, 67,000 mol wt; ovalbumin, 43,000 mol
wt; carbonic anhydrase, 30,000 mol wt; soybean trypsin inhibitor,
20,100 mol wt; lactalbumin, 14,400 mol wt; AA protein, 8500 mol wt.
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10 20
HOL Arg-Ser-Phe-Phe-Ser-Phe-Leu-Gly-Glu-Ala-Phe-Asp-GIy-Ala-Arg-Asp-Met-Trp-Arg-Ala
LOR

HOL
LOR

30 40
Tyr-Ser-Asp-Met-Arg-Glu-Ala-Asn-Try-Il e-G ly-Ser-Asp-Lys-Tyr-Phe-H is-Ala-Arg-G ly

50
HOL Asn-Tyr-Asp-Ala-Ala ( ) Arg-Gly-Pro-Gly-Gly

Figure 3-The amino acid sequence of amyloid extracted from the kidneys of 2 drug addicts (patient HOL and patient LOR).-, identity;
( ), unidentified.

merular sclerosis has been the most frequent10;
amyloidosis has been reported less frequently (Table
2). In a previous autopsy survey of renal lesions in 50
narcotic addicts who died of accidents or overdose,
those with evidence of systemic disease, including
amyloid, were excluded from the study.8

In the present prospective survey of 150 addicts
subjected to examination at autopsy we found 7 un-

suspected cases of renal amyloidosis, an incidence of
507o in the total addict population examined. More
impressive is the observation that 140o of the subcu-
taneous users and 26Wo of those with chronic sup-

purative skin infections had renal amyloidosis. The
majority (86Wo) of the cases of renal amyloidosis oc-

curred in addicts with severe skin infections; in the
remaining subject only a small ulcer was found.
Three of the 7 with amyloid had other additional in-
fections that could have been the cause of the amyloi-
dosis. These included patient HOL, who had a

history of treatment for tuberculosis but no evidence
of severe or active disease at postmortem examina-
tion. Nonetheless, suppurative skin lesions appeared
to be the only source of infection in 4 of the addicts.

The importance of skin infections as a cause of
amyloidosis in addicts is emphasized in the work of
others summarized in Table 2. Skin infections were

present in 13 of 15 (877o) addicts with renal amyloi-
dosis. In the others, skin infections were absent (Case
1, Lowenstein and Gallo"1), or the information was

not stated. If one takes together the previous and
present data, 20 of 22 (90%) addicts with renal
amyloid had known skin infections.
Amyloidosis has been reported in nonaddicts with

secondary bacterial skin infection due to burns,25
decubitus ulcers,26 and dermatoses including hidrad-
enitis and stasis ulcers in the absence of other dis-
eases."2 Thus it seems likely that infection, rather
than the drugs per se, are responsible for the induc-
tion of amyloid in addicts. Chronic skin infection
predominantly in subcutaneous users is another sep-

tic complication of chronic narcotism along with
infective endocarditis, hepatitis, septic arthritis, and
osteomyelitis28-30 that likely arise as a result of non-

sterile administration of the drugs.
The immunohistologic and biochemical findings

demonstrated that in all of the addicts the amyloid

Table 2-Profiles of Addicts With Renal Amyloidosis Reported in the Literature

Age Duration of Skin
Case Sex Race (years) addiction (years) infections References

1 M B 28 Unknown Lowenstein"
2 F NS 50 NS + Jacob'2
3 M B 36 15 + Novick'3
4 M B 40 20 + Novick'3
5 M B 36 20 + Brus'4
6 F NS 40 23 + Scholes1'5
7 M NS 56 20 NS Scholes'5
8 M NS 44 27 + Scholes's
9 M NS 30 14 + Scholes'5
10 F B 37 16 + Meador'6
11 F B 43 19 + Meador'6
12 M B 36 10 + Rubenstein'7
13 M B 56 30 + Rubenstein'7
14 M B 45 15 + Rubenstein'7
15 M B 29 10 + Rubenstein'7

NS, information not stated.
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was AA protein-related and, to the extent examined,
did not differ from the AA amyloid secondary to
chronic infections and inflammatory diseases. This
lends further support to the view that chronic anti-
genic stimulation from cutaneous infections is the
underlying cause of amyloidosis in drug addicts. AA
protein and its circulating serum precursor (SAA)
are found in other chronic infections and are part of
a family of proteins produced in the liver in response
to inflammation.31
Our findings, based on a study of 150 unselected

addicts subjected to autopsy, suggest that addicts
who are subcutaneous users with suppurative skin
infections are at high risk for the development of
amyloid and reemphasize earlier reports of the asso-
ciation.12-17 Furthermore, addicts who are only in-
travenous users less frequently appear to have amy-
loidosis; if nephrotic, they are more likely to show
glomerular sclerosis as the underlying disease.10 The
distinction is important because vigorous treatment
of visible skin infections may prevent the develop-
ment of amyloidosis, induce remission of the ne-
phrotic syndrome,11 and possibly result in the resolu-
tion of renal amyloid in patients with adequate renal
function.32,33

References

1. Helpern M, Rho Y-M: Deaths from narcotism in New
York City: Incidence, circumstances, and postmortem
findings. NY State J Med 1966, 66:2391-2408

2. Louria DB, Hensle T, Rose J: The major medical
complications of heroin addiction. Ann Intern Med
1967, 67:1-22

3. Sapira JD, Ball JC, Penn H: Causes of death among
institutionalized narcotic addicts. J Chron Dis 1970,
22:733-747

4. White AG: Medical disorders in drug addicts: 200
consecutive admissions. JAMA 1973, 223:1469-1471

5. McGinn JT, McGinn TG, Hoffman RS: Nephrotic
syndrome in heroin and cocaine addicts (Abstr). Clin
Res 1970, 18:699

6. Kilcoyne MM, Gocke DJ, Meltzer JI, Daly JJ,
Thompson GE, Hsu KC, Tannenbaum M: Nephrotic
syndrome in heroin addicts. Lancet 1972, 1:17-20

7. Rao TK, Nicastri AD, Friedman EA: Natural history
of heroin-associated nephropathy. N Engl J Med 1974,
290:19-23

8. Treser G, Cherubin C, Lonergan ET, Yoshizawa N,
Viswanathan V, Tannenberg AM, Pompa D, Lange K:
Renal lesions in narcotic addicts. Am J Med 1974,
57:687-694

9. Grishman E, Churg J, Porush JG: Glomerular mor-
phology in nephrotic heroin addicts. Lab Invest 1976,
34:415-424

10. Cunningham EE, Brentjens JR, Zielenzy MA, Andres
GA, Venuto RC: Heroin Nephropathy: A clinicopath-
ologic and epidemiologic study. Am J Med 1980,
68:47-53

11. Lowenstein J, Gallo G: Remission of the nephrotic
syndrome in renal amyloidosis. N Engl J Med 1970,
282:128-132

12. Jacob H, Charytan C, Rascoff JH, Golden R, Janis R:

Amyloidosis secondary to drug abuse and chronic skin
suppuration. Arch Intern Med 1978, 138:1150-1151

13. Novick DM, Yancovitz SR, Weinberg PG: Amyloi-
dosis in parenteral drug abusers. Mt Sinai J Med (NY)
1979, 46:163-167

14. Brus I, Steiner G, Maceda A, Lejano R: Amyloid
fibrils in urinary sediment: Heroin addiction with renal
amyloidosis. NY State J Med 1979, 79:768-771

15. Scholes J, Derosena R, Appel GB, Jao W, Boyd MT,
Pirani CL: Amyloidosis in chronic heroin addicts with
the nephrotic syndrome. Ann Intern Med 1979, 91:
26-29

16. Meador KH, Sharon Z, Lewis EJ: Renal amyloidosis
and subcutaneous drug abuse. Ann Intern Med 1979,
91:565-567

17. Rubinstein J, Emancipator SN, Katz LA, Feiner H,
Gallo GR: Amyloid A protein-related renal amyloido-
sis in drug abusers (Abstr). Kidney Int 1982, 21:212

18. Rosenthal CJ, Franklin EC: Variation with age and
disease of an amyloid A protein-related serum com-
ponent. J Clin Invest 1975, 55:746-753

19. Pras M, Schubert M, Zucker-Franklin D, Rimon A,
Franklin EC: The characterization of soluble amyloid
prepared in water. J Clin Invest 1968, 47:924-933

20. Shapiro AL, Vinuela E, Maizel JV: Molecular weight
estimation of polypeptide chains by electrophoresis in
SDS-polyacrylamide gels. Biochem Biophys Res Com-
mun 1967, 28:815-820

21. Frangione B, Rosenwasser E, Prelli F, Franklin EC:
Primary structure of human y3 heavy-chain disease
protein Wis. Biochemistry 1980, 19:4304-4308

22. Levin M, Franklin EC, Frangione B, Pras M: The
amino acid sequence of a major nonimmunoglobulin
component of some amyloid fibrils. J Clin Invest 1972,
51:2773-2776

23. Levinstein E: Die Morphiumsucht: Eine Monographie
nach eignen Beobachtungen. Berlin, A. Hirschwald,
1877

24. Sollier P: La demorphinisation et le traitment rationnel
de la morphinomanie. Sem Med 1894, 14:146-52

25. Hoffman S, Simon BE, Fischel RA, Gribetz D: Renal
amyloidosis resulting from a chronically infected burn.
Pediatrics 1963, 32:888-894

26. Dalton JJ, Hackler RH, Bunts RC: Amyloidosis in the
paraplegic: Incidence and significance. J Urol 1965,
93:553-555

27. Brownstein MH, Helwig EB: Systemic amyloidosis
complicating dermatoses. Arch Dermatol 1970, 102:
1-7

28. Cherubin CE: Infectious disease problems of narcotic
addicts. Arch Intern Med 1971, 128:309-313

29. Holzman RS, Bishko F: Osteomyelitis in heroin ad-
dicts. Ann Intern Med 1971, 75:693-696

30. Rho Y-M: Infections as fatal complications of nar-
cotism. NY State J Med 1972, 72:823-830

31. Franklin EC, Gorevic PD: The amyloid diseases,
Progress in Immunology, Vol IV. Edited by M Fou-
gereau, J Dausset. New York, Academic Press, 1980,
pp 1219-1230

32. Triger DR, Joekes AM: Renal amyloidosis-a four-
teen-year follow-up. Q J Med 1973, 42:15-40

33. Dikman SH, Kahn T, Gribetz D, Churg J: Resolution
of renal amyloidosis. Am J Med 1977, 63:430-433

Acknowledgments
The authors gratefully acknowledge the technical as-

sistance of Ms. Susan Buda and Ms. Beatrice Delgado and
the secretarial assistance of Ms. Barbara Preston and Ms.
Karen Goldfarb.


